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ON THE 
MANUFACTURE AND TESTING O F  PORTLAND CEMENT, 

AND THE MACHINERY USED I N  ITS PRODUCTION. 

BY Ma. HENRY FAIJA, OF LONDON. 

The various purposes for which Portland Cement is now used, 
and the great extension of its application, as it enters more or less 
into all engineering operations, render its manufacture a subject of 
importance to all engineers ; more especially as the quantities of 
inferior cement that are met with make it imperative that the user 
should be able to distinguish the bad from the good, in order that 
its employment may not incur the risk of causing unsatisfactory work, 
as well as give a bad name to a cement that is one of the best ever 
introduced, when properly made and properly used. In  this paper 
therefore it is proposed to give a resum6 of the Manufacture and 
Testing of Portland Cement, together with a description of the 
Machinery used in its production ; through the kindness of 
Mr. Borders of the West Kent Portland Cement Works a t  
Aylesford, near Maidstone, the writer has been able to secure 
specimens of the raw materials and of manufactured cement in 
various forms, for illustrating the paper. 

Uomposition of Portland Cement.-The chemical analysis of 
Portland cement gives about 80 per cent. of carbonate of lime, the 
remaining 20 per cent. being composed of silica, iron, and alumina. 
In practice these proportions are roughly attained by a mixture of 
chalk with mud obtained from the banks of the Thames and Medway, 
(or in some cases in lieu of the mud, gault clay,) in the proportions 
of about 4 of chalk to 1 of mud or clay, according to the ingredients 
each material used is found to contain. These are mixed in what 
are known as wash mills, and the result called “slurry” is run 
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into large reservoirs or “backs,” and allowed to settle; it is then 
dried, and afterwards calcined a t  a high temperature, and eventually 
ground between millstones to the requisite fineness. In Fig. 10, 
Plate 6, is shown a general plan of works erected to turn out 
360 tons of Portland cement per week. 

Wash Xilk aBd Elevatms.-The wash mill, shown in Fig. 1, 
Plate 2, is a circular pan about 18 ft. diameter and 4 ft. deep, 
usually built of brick, with a brick bottom, sunk into the ground 
and puddled on the outside. On one side of the pan is an opening, 
or in some cases an overflow; in the case of an opening this is 
covered with perforated zinc or wire gauze forming a sieve, so as 
to allow of nothing passing but the chalk and clay which are held 
in solution. In the centre of the pan is a revolving vertical shaft, 
to which is bolted a framework carrying the harrows j these have 
their tines fixed a t  different distances from the centre, care being 
taken to  arrange them so that no two shall immediately follow each 
other in their course, or in other word6 be the same distance from 
the centre. The tines are usually made of wrought iron about 12 in. 
square, and their distance apart must vary according to the size 
of the chalk to be washed, chalk in large pieces of course requiring 
the tines to be placed further apart than when small refuse chalk 
is used. The centre shaft, being driven at about 18 rev. per min. 
by means of bevel wheels fixed on the top and connected to the 
engine by a driving strap, takes the harrows round, and thus mixes 
or washes the chalk and mud. Some manufacturers prefer to have 
the gearing arranged underneath, in order to allow of a perfectly 
open space over the pan; but in that arrangement the difficulty 
of getting a t  it for oiling, and the quantity of dirt which works 
into the bearings, quite obviate any advantage gained by a clear 
space above, as the overhead gearing if properly arranged need 
in no way interfere with the workmen. Outside the pan is the 
well A, into which the washed clay and chalk run through the 
sieye B. If two or more wash mills are used, it is advisable to 
connect them all to one well, 60 that one pump may lift all the 
slurry from the different mills up to the trough C leading to the 
backs. One of the great difficuities attending this part of the 
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manufacture of Portland cement is the continual chokingof the 
pump ; an elevator is therefore fast superseding it, and can claim 
advantages in almost every respect. The elevator is simply a 
succession of buckets fixed upon a continuous band revolving round 
an upper and a lower drum, as shown a t  E E j the buckets dip into 
the well A as they come to the lower drum, and take up the slurry, 
which as they turn over at the top drum is thrown into the leading 
trough C .  The size and number of the buckets depend on the 
quantity of slurry to be lifted per hour. 

Washi?zg.-The process of washing or mixing is simple: the 
chalk and clay, measured by the barrow load, are tipped into the 
pan a t  the point D, Fig. 1, and the water is admitted a t  the 
point F, in the proportion of about two of water to one of chalk 
and clay. The tines in their revolution throw the chalk and clay 
about, and thereby thoroughly mix and disintegrate them; and 
being thus held in solution the material passes through the sieve or 
over the overflow, as the caae may be, into the well A, in the form 
of slurry, which is then lifted by the elevator or pump to the 
leading trough C and thence passes to the back. 

Backs.-The backs are reservoirs usually made large enough to 
contain about 600 cubic yards of slurry j thus, on the calculation 
that two cubic yards of slurry yield one yard of finished cement, and 
that a back will take from six to eight weeks to settle, it is easy to 
determine the number required, the depth being about 4 ft. and the 
sides built sloping, as shown in Fig. 2, Plate 3. It is advisable 
to have as much " back" room as possible in proportion to the 
rest of the works, as it must be borne in mind that, although 
the mills may be worked day and night, the slurry can only settle 
by gradual subsidence; and pushing a back, i.e. putting the 
slurry on the drying floor too wet, necessitates a greater amount 
of fuel to dry it, and thus & loss. When a, back is filled, it  
is allowed to settle, the chalk and clay sinking to the bottom; 
the water is then drawn off by means of the sluice at  A, Figs. 2 
and 3, and the back is refilled, the water being again drawn off 
when it is settled, and so on until the back is full; the slurry is 
then dug out and laid on the drying floor. 
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Drying Floor.-The drying floor, Figs. 5 and 6, Plate 4, is 
simply a floor formed of fire-clay tiles or iron plates, with an 
arrangement of flues underneath, stoked at  one end, and meeting 
a cross flue at the other end conducting t o  the chimney shaft A. 
I n  most cement manufactories the drying floor is constructed with 
coking ovens underneath, so that, wliile drying the slurry, coke to be 
used in the kilns is manufactured ; but in the writer's opinion this 
ia a questionable economy, as the quantity of coke thus produced 
is nothing like sufficient to supply the kilns, and he therefore 
prefers a simple fire-grate in place of the coking oven, as shown in 
Figs. 5 and 6. With that arrangement the cheapest fuel can be 
used, less care is required in stoking, and the loss from bad coke 
is avoided j the cost of construction is considerably reduced, 
besides which the repairs needed to a coking oven are considerable, 
as against almost none in the other case. In consequence of 
these considerations the simpje fire-grate, when looked at  in regard 
to economy, compares favourably with what a t  first sight appears 
an excellent arrangement. I t  is advisable to construct the floor of 
such a size as to dry sufficient slurry for one day's work, so as to 
avoid loss of labour and fuel; it should be covered with a light 
roof supported on columns, the sides being left open to allow the 
moisture evaporated from%he wet slurry to escape, but a t  the same 
time protecting the floor from the weather. The slurry a s  it is 
brought from the backs is laid on the drying floor in a layer about 
5 in. thick, which by the evaporation of the moisture becomes 
reduced to about4 in. when dried ; it is then ready to be loaded 
into the kilns to be burnt. 

KiZm.-The kilns are circular in plan and usually of about the 
form shown in Fig. 4, Plate 3 ;  but the shape varies considerably 
in different districts and according to the fancy of different 
manufacturers. The principal requirements are that they should 
have a good draught, and that their inner surface shoula be SO 

formed that the clinker as burnt shall Ifall to the bottom evenly and 
without clingkg to the sides ; for when the clinker hangs, its weight 
necessarily brings down some of the isner casing of the kiln, and the 
kilns under the most favourable circumstances form one of the most 
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expensive items in a Portland cement manufactory, costing as much 
as from 30 to 40 per cent. per annum of their first cost to keep them 
in repair. Perhaps the most economical size of kiln to adopt is one 
large enough to burn from 20 to 30 tons of finished cement. For a 
20-ton kiln a capacity of about 70 cubic yards is requisite, though 
many manufacturers, by what is called “topping,” i.e. adding fresh 
coke and dried slurry as the clinker sinks, burn 30 tons in a kiln of 
that size. As a kiln takes one day to load, one day to burn, one day 
to cool, and one day to unload, the number of kilns required is 
for four days’ work, that is, four times the number required for 
one day’s burning; but as repairs are more or less always 
necessary, it  is well to provide a sufficient number of kilns to 
do from four and a half to five days’ work. The kilns are charged 
through the loading holes a t  the points B B, Fig. 4, with alternate 
layers of coke and dried slurry, in the proportion of one of 
coke to two of dried slurry; and when properly burnt the kiln 
is opened and allowed to cool, and as the clinker is drawn it is 
taken to the crusher to be broken into pieces about 1 in. cube, 
preparatory to being passed through the millstones, The kiln is 
drawn by knocking out the firebars, and the charge falling into the 
ashpit is taken out and carried to the crusher. 

Crushing Rollers.-Various means of breaking the clinker are 
adopted, from the rough and somewhat expensive way of breaking 
it by hand with a hammer, to the most elaborate stone-breaking 
machine. Without going to the expense of such a machine, but 
yet improving on the former method, a! pair of crushing rollers, as 
shown a t  R R  in Fig. 7, Plate 5, may be adopted with economy. 
The rollers, made of cast iron with chilled faces, are formed with 
longitudinal grooves along their entire length, and are placed at 
such a distance apart as to break the clinker to the requisite size. 
A hopper is placed over them, leading the clinker between the 
rollers, which, by revolving in opposite directions, crush it as it falls 
between them; the clinker is then led by an inclined plane into 
a trough, to  be lifted by the elevator E into the hopper H 
supplying the millstones. The elevator is on exactly the same 
principle as that already described for lifting the slurry; but the 
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buckets in this case must be considerably heavier and stronger, 
and should be lipped with steel in order to withstand the roughness 
of the broken clinker. 

Hopper.-The hopper H, Fig. 7, leading to the millstones, 
should be made with the sides sloped to a sufficiently steep 
angle to allow of the clinker falling easily to the bottom and 
into the shaking trough T. This trough, which is made to 
shake by means of a cam C fixed on the centre shaft of the 
millstones, allows the clinker to fall gently in between the stones, 
and the shaking prevents the clinker from blocking the lower 
mouth of the hopper. 

Hllsfones.-The millstones, generally from 4 ft. to 4 ft. 6 in. 
diameter, have an outer casing of iron. The clinker falling into 
the centre of the top stone is taken in between the stones, and is 
gradually ground and led to the outer edge by grooves, such as 
are usually cut in millstones; it thence falls into the outer iron 
casing, from which a spout S leads it to any convenient place where 
it can be collected in barrows and laid on the warehouse floor. 

Power.-It is found convenient to drive the millstones, crusher, 
and clinker elevator by one engine, driving the mill shaft by means 
of friction or toothed wheels direct from the main shaft M of the 
engine; this is placed under the herse floor, which should be 
about 6 ft. above the warehouse, as shown in Fig. 7, Plate 5. By 
this arrangement any number of stones may be driven by connecting 
them to the shaft by bevel wheels; the bearings &c. are all covered 
up, and the dust from the cement is kept from them. A good 
inclination can be given to the spout S leading from the millstones, 
thus enabling the ground cement to clear them easily. The 
elevator and crusher may be driven from the mill shaft or from 
the main shaft of the engine as found most convenient. Each 
millstone requires from 8 to 10 H. P. to drive i t ;  the power to 
drive the elevator and crusher must of course depend on the 
amount of work which they have to do, but it may be aIlowed 
that for a four-stone mill about 40 H. P. will be required to drive 
the stones, elevator, and crusher. It is preferred by the writer, 
whenever possible, to drive the wash mills and slurry elevator by 
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separate power from the rest of the machinery, because, besides 
the advisability of sometimes placing them a t  some distance from 
the mill and warehouse, it  is always well to be able to continue 
filling the backs even when the rest of the works are temporarily 
stopped, and by this means that can be done without loss. The 
power required to drive a wash mill of the construction shown 
in Plate 2, with its elevator, would be from 8 to 10 H. P., and 
it would wash from 80 to 90 tons of slurry per day. 

Remark- A general description of the process of manufacture 
having now been given, a brief reference is desimble to those parts 
where great care is necessary in order to ensure the cement being of 
good quality : and firstly the wash mill deserves attention. As this 
is where the ingredients ultimately formed into cement are first 
incorporated, it is of the greatest importance that the proper 
proportions of chalk and clay should be used, and it is therefore 
imperative that frequent trials should be made of the slurry as i t  
leaves the wash mill, so as to ensure the backs being filled with a 
uniform qualitJy. The chalk and clay should also be occasionally 
analysed, in order to correct any variations .that may occur in 
either. 

The drying process being merely an intermediate stage, in 
fact, scarcely anything beyond assisting in abstracting the moisture 
from the slurry, does not call for particular attention j but 
the kilns again show the necessit,y of careful manipulation. Care 
must be taken that the kiln is burnt evenly throughout, and when 
unloading, the clinker should be carefully sorted, and all yellow o r  
softly burnt pieces should be returned to be placed on t,he top of 
the nes t  kiln and reburnt ; and only that clinker which is perfectly 
burnt should be passed to the crusher to be prepared for grinding. 

Having passed through the millstones, the ground cement is 
laid out on the warehouse floor and allowed to cool, being 
occasionally turned over ; this mixes the different days’ work and 
gives uniformity to the cement produced, and also allows arty 
particles of lime still unslacked to slack by exposure to the air. 
The cement should be left in this way for a considerable time before 
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being packed, and it will then have become thoroughly cooled and 
there will be but little fear of its (‘ blowing ” when used ; curiously 
enough, it will also have increased in weight and bulk, so that it is 
obviously to the advantage of the manufacturer to follow this 
course, though the great demand for cement, the space it occupies, 
and other trade reasons often prevent its being thoroughly 
carried out. 

General Quality.-The quality of Portland cement is usually 
determined by its colour and its weight, in combination with its 
fineness ; besides which it is required to withstand a certain tensile 
strain when made into a “ briquette” or small testing block, 
Figs. 8 and 9, Plate 5, and to show no signs of either expansion 
or contraction in setting. Though a t  present considerable diversity 
of opinion exists as to what the tests for fineness and tensile 
strength should be, still, when it is remembered that the cement 
should be of one uniform good quality, capable of being gauged 
with two or three or even more times its bulk of sand for use, 
and that when the weight and fineness are in such proportions 
as to give a good carrying capacity for sand, the tensile strength 
is as a matter of fact assured, it then becomes possible to arra,nge 
such tests as will meet most requirements. 

Tests.-In colour Portland cement should be of a dull bluish 
grey, and should have a clean, sharp, almost floury feel in the 
hand ; a coarse gritty feel denotes coarse grinding, and the finer 
a cement is ground the more it approaches to an impalpable 
powder. It should weigh from 112 lb. to 118 lb. per striked 
bushel, and should be so fine that 80 per cent. will pass through 
a sieve of 2,500 meshes to the square inch ; when moulded into a 
briquette and placed in water for seven days, it should be capable 
of resisting a tensile strain of from 300 Ib. to 400 lb. per sq. in., 
and should during the process of setting show neither expansion 
nor contraction. 

Weight and Fineness.--B light cement, i.e. one weighing from 
100 lb. to 108 lb. per bushel, is invariably a weak one, though it 
may be of the requisite fineness ; at the same time a heavy cement 
if coarsely ground is also weak, and will have no carrying capacity 
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for sand. As the more the clinker is burnt the harder and heavier it 
becomes, and therefore the more difficult to grind in the millstones, 
the heavy cements are almost invariably coarse ones ; and as an 
under-burnt cement from its softness will be ground fine enough, 
but will be deficient in weight, it will be seen that the weight, 
unless taken in conjunction with the fineness, is no test as to the 
quality of the cement. It will therefore be found advisable to 
adopt a medium weight such as already mentioned, namely from 
112 lb. to 118 Ib. per striked bushel, as with that weight a finely 
ground cement may be secured, and one that will suit most 
engineering and building operations. 

Tensile Strength.-For the strength test a briquette of the form 
shown in Figs. 8 and 9, Plate 5 ,  is usually adopted, the breaking 
area or neck being 2.25 sq. in. The cement should be gauged 
with as little water as possible in a mould of the requisite shape, 
and in twenty-four hours it should have set sufficiently to be 
removed from the mould, and should be placed in a tank of water, 
where it should remain for seven days ; at the end of that time i t  
should be tested, and should then be capable of resisting a tensile 
strain of from 300 Ib. to 400 lb. per sq. in. of breaking area. 
This, though a universally adopted test, is in the writer’s opinion 
open to objection on the ground that the cement is never used 
in a similar manner, and is in point of fact never, except in rare 
instances, subject to the strain of’ direct tension; though as a 
comparison between the strength of different cements it may be 
of use, still he thinks that some other test should be adopted, 
more in keeping with the manner in which the cement is ultimately 
to be used. 

Expansion.-This defect, due to the cement being too hot, may 
be traced to various causes. It is met with most frequently in very 
heavy cements, from the fact of their containing in their original 
crude form a larger proportion of lime, which does not get 
thoroughly done away with in the process of burning in the kilns ; 
small particles consequeiitly remain unslacked, which slack when 
the cement is gauged with the water for use, and these eventually 
“blow ” in the work, cansing a general expansion. An under-burnt 
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cement, or one that is used too soon after it has left the mill 
and before it has had time to cool, will show the same defect. The 
most simple test for detecting expansion in a cement is to make 
small pats with a trowel, about 3 or 4 in. square, and place them in 
water when set sufficiently, where they should remain a few days. 
If the cement be good, they will show no alteration in form ; but any 
cracks showing on the edges, or other deviations from the original 
shape of the pats, indicate that t,he cement is of this expansire nature, 
and therefore not to be trusted. But because a cement will not 
stand this test, it is not in all cases to be condemned as useless, as 
its expansive or blowing property may be attributable simply to its 
being used too soon after leaving the mill ; in which case a proper 
process of cooling, by laying it in a thin layer on a dry floor for a 
short time before using it, will correct the defect. 

Contraction.-This defect, due to the cement, being over-clayed, 
is so seldom met with, that it is needless to say more than that 
i t  may be detected by a similar test to that for expansion. 

In  the limits of this paper the writer has only been able to 
describe the process of manufacture as carried out on the Tharnes 
and Medway j but although in different localities and countries tlie 
crude materials may be treated in a somewhat different manner, 
still the result is the same, and the cement, if good, should be able 
to stand the preceding tests. He trusts however that the paper 
may be the means of drawing attention t,o a subject which is of 
great importance to all those using Portland cement. 

Mr. FAIJA exhibited a series of specimens obtained from the 
West Kent Portland Cement Works, illustrating the several stages 
of the manufacture described in the paper, from the crude 
materials employed to the finished cement produced ; together 
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with specimens of the testing blocks or “briquettes ” which had 
been broken in the usual way under the tensile test. With regard 
to the statement that a coarse cement was also a weak one, he 
explained that the deficiency of strength was not directly owing  to 
the coarseness, but to the fact that in a coarse state the cement 
when it came to be used would not stand the proper admixture of 
sand requisite for economic use. 

Mr. E. A. COWPER said he had seen the manufacture of Portland 
cement according to the description given in the paper, which was 
essentially a wet process, and was the one carried out universally 
on the Medway. Another process in use in Germany, as he was 
informed by a Dutch engineer, was a half wet and half dry one, 
and tihe kilns employed were those known as Hoffmann’s.* These 
kilns were said to be used there to great advantage, but they 
were not used a t  present he believed in this country for the 
manufacture of Portland cement, though there were a number of 
Hoffmann’s kilns in use here for burning lime and bricks &c. 

With regard to the “ backs ” or settling reservoirs employed 
in the wet process, he enquired what size these were required to  be 
in proportion t o  the number and size of the kilns used. He  
supposed there were gangways a t  the ends of the backs, for 
wheeling the stuff out to the drying floors in emptying the backs. 
There were several plans for utilising the waste heat passing off 

* The Hoffmann kiln consists of a number of chambers arranged in a 
circle, and leading one into another, with valves and flues leading to a central 
chimney, so that any one chamber may alone be connected to the chimney. 
In the normal working condition there are two or three chambers filled with 
materials and burning, and being supplied with coal through small holes in 
the top; and the heat and products of combustion pass through the several 
next chambers filled with cold materials till they arrive a t  a partition or  top, 
and then pass up the chimney. The air for the combustion of the coal 
enters from the outside through a doorway left open for the purpose, at  a 
distance of several chambers from the fire ; and these intervening chambers 
being full of materials that  have been burnt and are still hot, the air 
becomes very highly heated before arriving at the chambers that are burning 
and into which coal is being fed. Thus the air gets heated before combustion, 
and the materials are dried and heated before being burnt, 
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from the kilns by conveying it under the drying floors ; but where 
the floors were heated by a fire applied directly beneath, as shown 
in the drawing, close to the floor and without any intervening 
protection, it seemed to him that the brickwork would suffer 
considerable wear and tear; and he should be glad to know how 
the brickwork was found to stand in that mode of heating. For 
crushing the lumps of clinker drawn from the kilns, the ordinary 
crushing rollers only had been described ; but he thought a Blake’s 
crusher and a pair of edge runners were considered much better 
€or the purpose; on the Medway he believed edge runners were 
generally preferred to rolls for crushing the clinker previous to 
grinding by millstones. 

Another mode of manufacturing cement was by the dry 
process, in which very little water was used, and consequently 
there were neither wash mills, slurry, pumps, nor backs. He 
exhibited a series of samples obtained from the Rugby Portland 
Cement Works, where this dry process of manufacture was carried 
on remarkably well. The materials there employed were the blue 
lias limestone of that district, and a very small quantity of the 
intervening clay; these were obtained from an open working or 
quarry, and having been ground extremely fine between millstones, 
were slightly damped and put into II pug mill, from which the mixed 
mAerial was forced out in the form of rough bricks. These bricks 
after being thoroughly dried were put into a kiln; and the burnt 
clinker drawn from the kiln had almost the whole of it the fine 
dark blue or slate colour of the specimen shown, with scarcely any 
white or  yellow portions. The clinker was then crushed and ground, 
and was laid out on the floor, the common notion being that it 
required much cooling; this however he considered was not the 
case, and he believed the correct explanation was that, if the ground 
cement contained a little lime not thoroughly united with the clay, 
this lime, when the cement was mixed with water for use, would 
become slacked and by its consequent expansion would have a 
tendency to burst the cement ; and the object therefore of spreading 
the cement out upon the floor immediately after grinding was to 
prevent this liability, by allowing any such small portions of lime 
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that remained unslacked to become thoroughly slacked by taking 
up carbonic acid from the atmosphere. The cement thereby 
increased slightly in weight; and i t  also absorbed a very little 
moisture from the air, being not quite so dry after grinding and 
lying on the floor as when taken out of the kiln. When proper 
care was exercised in the earlier stages of the manufacture, it was 
possible to take the ground cement direct from the millstones for 
immediate use, without fear of its bursting when set. In reference 
t o  the statement given in the paper, that expansion was “met 
with most frequently in very heavy cements, from the fact of 
their containing in their original crude form a larger proportion 
of lime, which does not get thoroughly done away with in the 
process of burning in the kilns,” he did not understand how 
any of the lime could possibly be got rid of in the burning, 
and he did not t,hink any of it passed away, even if there 
was an excess of lime above the proper proportion. It was the 
presence of uncombined lime, he believed, that was injurious ; and 
the ground cement should therefore be laid out on the floor, and 
allowed to lie there until it had become sufficiently weathered by 
exposure to the air. 

With regard to the testing of the finished cement, the standard 
of tensile strength now adopted by the Metropolitan Board of Works 
was 787i lb. for briquettes of 1$ inch square section; this standard 
was much higher than that first adopted, namely 400 lb., and 
it was only due to Mr. Grant, of the Board of Works, to say 
that the great improvement in Portland cement of late years had 
been very much intluenced by his exertions in that direction. The 
test mentioned in the paper of 400 lb. per sq. in. of breaking area 
would be equivalent to 900 lb. on the section of 18 inch square; but 
a great deal of the cement made on the Medway was now up to 
1100 Ib., and all of it above 1000 lb. on that section. Nineteen 
tests made of the Rugby cement at intervals during the whole of 
last November gave an average of 1248 lb. as the tensile strength 
of briquettes of I$ inch square section. He showed alsosamples 
that he had tested of the same cement, which had borne a very 
considerably higher tensile strain ; one piece that had been made 
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two years and eight mont,hs broke at  2330 Ib., and many others 
at  about 1800 Ib., while pieces t,hat had been made seven or 
eight days and had lain six days in water broke at  1400 lb. on the 
section of lt inch square. The weight of the cement in these cases 
was about 112 to 120 lb. per bushel. At the Rugby Portland Cement 
Works was made also a very quick-setting cement, weighing only 
about 90 lb. per bushel, and breaking with about 700 lb. per 
It inch square, of which a specimen wits shown ; it  was intended 
for light work where a quick-setting cement was desirable. 

Mr. C. COCHRANE enquired whether any attempt had been made 
to work the kilns continuously in the manufacture of cement. 

The PRESIDENT said the continuous or running kiln was a very 
common mode of burning. 

Mr. C. W. SIEMENS mentioned that a kiln had been erected to his 
design in the chalk district i n h r r e y ,  which worked continuously j 
it was worked with gas, and had proved very satisfactory, having 
the advantage that none of the clinker drawn from it was ever 
mixed with imperfectly burnt lime or clay. With regard to the 
exposure of the ground cement to the atmosphere, by spreading it 
out upon the floor, he agreed in the explanation which had just been 
given, that this process could only mean that some of the lime being 
uncombined with clay required time to take up carboriic acid from 
the air, thereby undergoing the very slacking which would otherwise 
cause expansion in the cement when used. 

In some of the specimens exhibited of the briquettes which had 
been broken in testing, he noticed the curious circumstance that 
the fracture did not occur exactly a t  the smallest section, but the 
material broke across a somewhat larger section, near the shoulder 
or point where the sudden change of sectional area took place. 
This subject had been investigated by the President in an interesting 
paper read by him at the Exeter meeting of the British Association, 
in which he had shown that, where a sudden change in dimensions 
took place in any piece of material exposed to a strain, the weakest 
point occurred a t  that part. 
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Mr. E. A. COWPER mentioned that the briquettes which he had 
seen tested had many of them broken in the centre, and not a t  
the shoulder. 

Mr. FAIJA, in reply to the enquiry about the size of the backs, 
said the size shown in the drawing was 110 ft. length by 60 ft. width, 
giving 6600 sq. ft. area; there was one back to a week’s work, 
that is, one back contained slurry enough for a week’s supply of 
the kilns. The proportionate number of backs to kilns depended 
on the size of each ; it was necessary to  have sufficient back room 
to do from six to eight weeks’ work, and a sufficient number of 
kilns to do from four and a half to  five days’ work. With respect 
to the firegrate of the drying floor, there was a firebrick arch 
immediately over the fire, which protected the floor from direct 
contact with the flame. 

In the testing of the briquettes made on the Medway, of which 
specimens were exhibited, there had not been the means of increasing 
the weight in that case beyond 1000 lb.; one of the specimens, 
which had been seven days in water, broke a t  that strain, and 
another, which at  first did not break a t  1000 lb., afterwards broke 
when that weight had been kept on it for ten minutes. With 
respect to the position of the fracture, he had seen the briquettes 
break straight across the centre in testing. The lighter cement 
that had been mentioned for quick setting was not intended, he 
supposed, for mixing with sand or other materials, but only for 
use neat where rapidity of setting was of more importance 
than strength, and it should perhaps not be classed therefore 
as Portland cement. The method of manufacture that had been 
referred to as in use in Germany was the same he supposed as 
that introduced there by Mr. Lipowitz some ten years ago. 

Mr. E. A. COWPER said in that process part of the material 
was worked dry and part of it wet; they were mixed together 
and were made up into rough bricks, which were burnt in the 
kilns, and were afterwards finished by crushing and grinding. 
The light quick-setting cement that he had referred to had been 
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found to stand a strain of 700 Ib. per briquette, and was not 
intended to be mixed with Portland cement, or used in place of it, 
but was for light work. 

The PRESIDENT said the present subject was one on which they 
had not previously had a paper; and as one great business of 
engineers was to find out how best to unite together the several 
parts of a structure, any information was acceptable which would 
throw light upon the improvement of the quality of so important a 
uniting material as was Portland cement. ' Having himself had 
something to do with this subject, he would say that the old process 
and the one generally pursued was that described in the papcr. 
But some backs which he had seen, rather deeper and more nearly 
square in form than those shown in the drawing, had in the middle 
an upright spindle carrying a trough projecting 30 ft. on each side, 
like a gigantic Barker's mill, delivering the slurry from the ends of 
the arms as they revolved, and thus filling the back rather more 
uniformly. It had been found that the chalk and clay composing 
the slurry tended to separate while settling in the backs, the two 
materials not going down together in consequence of the difference 
in their specific gravities; and in deep backs it was therefore 
requisite to provide against this in emptying them, by taking from 
the top and bottom together, in order to get the quality regular. 
It had been mentioned in the paper that pumps had not been 
found to  answer for lifting the slurry from the wash mills to the 
backs, on account of continual choking; but he believed when 
made with spherical valves of large size they had given no di5culty. 
I t  had also been stated that from 8 to 10 H.P. was required 
for each pair of millstones; in point of fact he bad found that it 
took 1 Ind. H. P. to grind 1 bushel of cement per hour. I f  a 
preliminary crushing machine was used to crush the clinker in 
preparation for grinding by the stones, just as much power 
altogether was consumed in the whole mill as in grinding without 
previous crushing; but the work was better done by crushing 
before grinding, and the millstones did not wear o;t so soon. 
Crushing rollers appeared to him to labour under a disadvantage, 
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as they were always struggling to bring a larger quantity through 
than they could pass, and thus their surfaces acted like a constant 
break resistance to the driving power ; but with a Blake's crusher 
very little power went to waste, and this machine he knew worked 
most satisfactorily. 

Although the usual mode of testing cement by tensile strain was 
objected to in the paper, and a compression test appeared to be 
considered rather as the one that was required, it was admitted 
that probably the tensile test might be taken as sufficient for 
comparing one cement with another. This he believed to be the 
case, and that if the two kinds of strength did not go together 
exactly, they did so very nearly. The two best papers that he 
knew on this subject were those read to the Institution of Civil 
Engineers in 1865 and 1871 by Mr. Grant, one of the Engineers to 
the Metropolitan Board of Works. They contained really everything 
that was known upon the testing of cement ; and both kinds of 
tests having been made by the writer, a comparison of the results 
showed that the tensile strength varied in very closely the same 
ratio as the resistance to compression. Thus in two experiments 
in which the resistances to compression were 6,725 and 3,928 Ib. 
per 4; sq. in. area, the corresponding tensile strengths were 
respectively 413 and 218 lb. per sq. in., showing a very fair 
agreement in the proportion.* 

Hoffmann's kiln was largely and successfully used on the 
Continent, and he did not see why it should not be used in this 
country; for it seemed to him that,, with the mode of working 
the kilri described in the paper, t8be fuel must be a great expense, 
being charged in alternate layers with the dried slurry to be 
burnt. It was a common practice to use the waste heat from the 
kilns for the drying floors ; but when the fuel was intermixed with 
the slurry throughout the whole mass in the kiln, the air entering 
at  the bottom of the kiln, although it became converted into 
carbonic oxide by the combustion of the fuel and by afterwards 
passing through the heated fuel, was immediately so diluted with 
the carbonic acid driven off from the slurry that it could not be 

* Proceedings Inst. C. E. vol. xxv page 106, table XLII, lines 11, 12. 
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further utilised as a fuel, as it was then impossible to re-ignite the 
gas that passed off from the top of the kiln, overburdened as it was 
with such an excess of carbonic acid, and thus much of the effect 
of the fuel was lost; there was consequently much to do in the 
way of improvemdnt with regard to the kilns. The periodic kiln 
he believed was the one which gave the most certain results, and 
yielded the heaviest cement from the quantity of slurry charged 
into it ; but the running kiln was the most economical in fuel, on 
account of the heat never being let down for drawing the charges. 
The latter kiln was indeed used to a great extent, one of the oldest 
and largest cement works in this country employing 75 per cent, 
of running kilns and only 25 per cent. of periodic kilns. 

He moved a vote of thanks to Mr. Faija for his paper, which 
was passed. 

The Meeting then terminated. In  the evening a number of the 
Members dined together in celebration of the Twenty-eighth 
Anniversary of the Institution. 
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